In the present study, we report the fi rst DNA analysis of HLA class I and class II alleles in Macedonian autistic subjects. We have analyzed the HLA-A, -C, -B, DRB1 genotypes of 35 autistic patients, and 98 healthy unrelated Macedonians (control group). HLA DNA typing of class I genes was performed using a Reverse Line Strip method (RLS), and the Sequencing Based Typing method (SBT) was used for typing of class II genes. In the autistic subjects for HLA-A locus 14 alleles have been identifi ed with 2 being predominant *02 (25.7 %), and *24 (18.6 %). Among the 11 identifi ed HLA-C alleles, 3 were predominant such as *12 (20.0 %), *07 (17.1 %), and *03 (12.9 %). Among the 18 identifi ed HLA-B alleles, 2 were predominant: *51 (18.6 %), and *18 (11.4 %). For HLA-DRB1 locus, 10 alleles have been identifi ed with 2 of them predominant such as: *11 (21.4 %), and *01 (14.3 %). The allele and haplotype frequencies in the patients group were compared to those of 98 control subjects. Our results showed signifi cantly increased frequencies of HLA-C*03 (OR = 2.74*; χ 2 = 4.68; p = 0.03), and HLA-DRB1*01 (OR = 3.10*; χ 2 = 6.26; p = 0.012) alleles in autistic patients when compared to the controls.
Autism is a chronic developmental disorder characterized by behavioral, communication, and social abnormalities that manifest in the fi rst years of life. Although the etiology of autism is unknown, there is a general agreement that it results from early neurodevelopmental dysfunction (1) .
Various research groups have reported numerous-autism associations over the last 20 years. Autism is most likely the result of several different etiologies or a combination of pathological mechanisms. An impressive volume of evidence has accumulated over the past few years suggesting that some cases of autism are associated with immune abnormalities, pathogen-autoimmune processes, and/or HLA. Research continues in several centers in the USA and Europe to investigate the link between the immune system and autism. Attempts to identify linkages with autoimmunity, extensive pedigree analysis of autistic subjects and their relatives, and further exploration of immune abnormalities may offer a way of identifying families at increased risk for autism.
Autism is also behaviorally defi ned, biologically-based developmental disability manifesting in early childhood and affecting boys 4 times frequently than girls (2) . Recent investigations suggested that this neurodevelopmental disorder shared many characteristics of established autoimmune disorders including: genetic predisposition (3), immune abnormalities of helper T-cell defi ciency and cell-mediated immunity (4, 5) , antibodies against brain antigens (6) , possible microbial triggers-viral infections (7), sex differences (8) .
The human immune system can be divided into two arms: the innate (non-specifi c) and the adaptive (specifi c), both of which have humoral and cellular components. The innate immune response is constitutively expressed and germ-line encoded and therefore does not adapt to antigen. It is a primitive system that offers the fi rst line of defense and effectively destroys most microorganisms within hours through complement activation. The innate system is also very important in antigen processing and antigen presentation. This is accomplished by antigen binding to HLA-proteins on antigen presenting cells as macrophages and B-lymphocytes. HLA-proteins thus serve as transducers in ac-tivating the adaptive immune system by binding to specialized T-cell receptors and B-cell receptors on the surfaces of T and Blymphocytes respectively (9) .
The major histocompatibility complex (MHC) is a set of genes on the short arm of chromosome number 6 that code for our HLA (human lymphocyte antigens). We all have specifi c HLA types that determine our ability to accept tissue transplants from others (10) . The genes of HLA cover a distance of more than 2 centimorgans of DNA, and contain more than 100 genes. These include genes for the class I molecules, called HLA-A, -C, and -B genes, genes for class II molecules, called HLA-DRB1, -DRB3, -DRB4, -DRB5, HLA-DQB1, and genes for class III. The particular combination of HLA alleles found of the various HLA genes on an individual chromosome is known as an HLA haplotype.
Warren and his colleagues have reported that the allelic products of certain genes of the MHC are associated with autism including the null allele of the C4B gene (located in the class III region of the MHC), and the extended haplotype B44-SC30-DR4 (11) .
In the present study, we report the fi rst DNA analysis of HLA class I and class II alleles in Macedonian autistic subjects and matched local controls in order to investigate more precisely the genetic association.
Material and methods
Thirty-fi ve Macedonian patients (25 boys and 10 girls) with autism were studied. The mean age was 11 ± 5.90 years with minimum 4, and maximum 25 years old. All of these subjects were of Macedonian derivation living in the Republic of Macedonia. DSM-IV and ICD-10 criteria as established by at least two psychiatrists made diagnosis of infantile autism. None of the autistic subjects had an identifi able cause of their disease. Ten milliliters of venous blood was drawn from each donor by the standard venipuncture after parental consent. At the time of blood drawing, none of autistic children were receiving any prescription medication or antipsychotic drug. All measurements were done after the blood samples clotting for storage at -20 °C. Also included in the study were 98 normal healthy subjects.
Genomic DNA was extracted from whole blood using standard proteinase K digestion method followed by salting-out extraction and ethanol precipitation (12) . HLA DNA typing of class I genes was performed using a Reverse Line Strip method (RLS), and the Sequencing Based Typing method (SBT) was used for typing of class II genes (13) (14) (15) . Statistical analysis was performed with Arlequin v.2.000 software kindly provided by Excoffi er and Slatkin (16, 17) . In summary, this program calculated HLA-A, -C, -B, and -DRB1 allele frequencies, Hardy-Weinberg equilibrium and the linkage disequilibrium between two alleles at two different loci. The number of autistic subjects and controls from Macedonian population positive for an allele or a haplotype were compared. The Odds Ratio (OR) expressed the strength of the statistical association between the syndrome and genetic markers. The statistical signifi cance was examined by the Chi-square test with Yate's correction.
Results
In the present study, we investigated the polymorphism of three HLA class I loci: HLA-A, -C, -B, and one HLA class II locus: HLA-DRB1 in 35 autistic patients and 98 unrelated local controls.
The frequencies of HLA-A, -C, -B, and -DRB1 alleles in Macedonian autistic patients compared to the controls are shown in Tables 1, 2 , 3 and 4. HLA-A allele frequencies in persons with autism compared to the control group is shown in Table 1 . Fourteen different alleles are found in autistic persons, 4 of them are with allele frequency higher or equal than 10 % (A*02, A*24, A*03 and A*11). Odds Ratio have not found a statistically higher frequency of some of the alleles in HLA-A locus.
Eleven different HLA-C alleles have been found in the autistic group, from which the most frequent were C*12 (20 %), C*07 (17.1 %) and C*03 (12.9 %). Statistical analysis with Chi- square test have shown a signifi cantly higher frequency of C*03 allele, which can be found 2.5 times more in autistic patients than in healthy population (OR = 2.74; χ 2 = 4.68; p = 0.03) (Tab. 2). Table 3 presented allele frequency of HLA-B alleles, where 18 different alleles could be seen, with the most frequency in autistic sample of B*51 (18.6 %) and B*18 (11.4 %). None of them were predictive nor protective compared to the control group.
Data from class II, specifi cally alleles from DRB1 locus are shown in Table 4 . Ten different alleles have been found in autistic patients, with most frequency of DRB1*11 (21.4 %), DRB1*01 (14.3 %), DRB1*15 (12.9 %) and DRB1*16 (12.9 %). Signifi cantly higher frequency of DRB1*01 allele compared to control subjects have been found (OR = 3.10*; χ 2 = 6.26; p = 0.012). In the control population of healthy persons from Macedonia, the most common were the following alleles: A*02 (37.7 %), A*24 (11.2 %), B*51 (16.8 %), B*35 (13.3 %), C*07 (27.0 %), C*12 (16.3 %), DRB1*11 (24.0 %) and DRB1*16 (19.4 %).
Four-locus haplotypes and their frequencies are shown in the Table 5 . The most common in autistic persons are the following three: A*11-C*12-B*52-DRB1*15 (2.9 %), A*24-C*03-B*55-DRB1*16 (2.9 %) and A*11-C*03-B*55-DRB1*14 (2.9 %). Statistical analysis has not detected a signifi cant difference between these three haplotypes, although they are not present in control group. The other haplotypes in autistic sample are present in a relative frequency of 1.4 %, which was not statistically signifi cant compared to the haplotype's frequency in control group.
From 172 haplotypes in the control group, four of them were the most frequent: A*01-C*07-B*08-DRB1*03 (3.1 %), A*02-C*07-B*18-DRB1*11 (2.0 %), A*02-C*06-B*13-DRB1*07 (1.5 %) and A*11-C*12-B*52-DRB1*16 (1.5 %). Odds Ratio has not 
Tab. 7. Signifi cant linkage disequilibrium in control group and in persons with autism (HLA-A, -C, -B, -DRB1) (p < 0.05).
found a statistically signifi cant difference between the two groups, which proved that existing of these haplotypes in healthy controls have not a protective effect (Tab. 6). By testing the linkage disequilibrium for all pairs of loci, we get the following results: persons with autism have a statistically signifi cant linkage disequilibrium between locus HLA-DRB1 with the other 3 loci HLA-A, B and C, as well as between HLA-C and HLA-B locus. In the control group we found a statistically signifi cant linkage disequilibrium between the following loci: HLA-A with HLA-C, -B and -DRB1, and HLA-B with -C, and DRB1 (Tab. 7).
Discussion
The strongest evidence for a link between autism and immune system comes from immunogenetic studies. HLA antigens are involved in the qualitative and quantitative aspects of immune system response. If autism is in some cases the result of immune system attack, then particular HLA antigens might be involved as a suffi cient or predisposing factor (18) .
The immunogenetic profi le of the Macedonian population represented by HLA genes is published for HLA-A, -B, -DR, -DQ allele frequencies (19) , for HLA-DRB1, DRB3/4/5 and DQB1 polymorphism (20) , for HLA-A and HLA-B epidemiology (21), for high-resolution sequence-based method for direct HLA-DRB1 typing (22) , for ambiguous allele combinations at the allele group level of HLA-A, -C and -B loci (23) , and for HLA-DQB1 typing (24) .
Our results showed signifi cantly increased frequencies of HLA-C*03 and HLA-DRB1*01 alleles in autistic patients when compared to the controls.
HLA-A, -C, -B, and -DRB1 allele frequencies were used for the Hardy-Weinberg equilibrium analysis.
The detection of A*11-C*12-B*52-DRB1*15 (2.9 %), A*24-C*03-B*55-DRB1*16 (2.9 %), and A*24-C*03-B*55-DRB1*16, most common haplotypes in autistic persons are not shown as susceptible haplotypes. These haplotypes has not been detected in the healthy Macedonian population, but there is no statistically signifi cant association, probabely because of the small number of investigated persons with autism. The most common alleles in control group were: A*01-C*07-B*08-DRB1*03 (3.1 %), A*02-C*07-B*18-DRB1*11 (2.0 %), A*02-C*06-B*13-DRB1*07 (1.5 %), A*11-C*12-B*52-DRB1*16 (1.5 %), which is different to the other Macedonian antropological study (19) . They found increased frequencies of A*02-B*51-DRB1*1601 (3.2 %), and A*03-B*18-DRB1*1601 (2.6 %) (19) . None of our patients carried alleles or haplotype, which are protective for autism in our population.
Specifi c HLA alleles have been associated with a variety of disorders. A few of the best documented associations include insulin depend diabetes mellitus, multiple sclerosis, celiac disease, and Graves disease (1) . Similar association studies have suggested that a susceptibility locus for autism is located in the HLA region.
Warren et al (8, 25) and Daniels with his colleagues (26) reported that the allelic products of certain genes of the MHC are associated with autism including the null allele of the C4B gene (located in the class III region of the MHC), and the extended haplotype B44-SC30-DR4, which consists of the 44 allele of the HLA-B region, the S allele of the BF gene, the 3 allele of C4A, the 0 or null allele of C4B and the DR4 allele. This extended haplotype has appeared in 40 % autistic subjects and their mothers as compared to 2 % of controls. There are roughly a dozen such extended haplotypes identifi ed that occur at a frequency of 0.0043 or higher and some of these have been associated with diseases, such as rheumatoid arthritis, that are suspected to be autoimmune nature. In the other study, they reported that the third hypervariable region (HVR-3) of certain DRB1 alleles have a very strong association with autism. The HVR-3 of DRB1*0401 or the shared HVR-3 alleles DRB1*0404 and DRB1*0101, have been expressed on extended haplotypes in 23 of 50 (46 %) autistic subjects as compared to only 6 of 79 (7.5 %) normal subjects. Another HVR-3 sequence, the DRB1*0701 allele, have been carried on extended haplotypes in 32 % of the autistic subjects as compared to 10.1 % of the normal subjects (11) . Increased levels of HLA-DR + T cells and an inverse correlation with plasma C4B levels have been reported in autism (27) . It is interesting to note that an abnormality of TNF-α (whose gene is also located in the MHC class III region) production has also been observed in autism. MHC class III genes are in linkage disequilibrium with MHC class II genes, and the C4B null allele is known to be part of the extended or ancestral haplotype in MHC class II region (28) . Linkage disequilibrium is a phenomenon in which certain combinations of alleles of the various MHC genes are expressed together far more often than would be expected considering the relative distances between their respective genes (29).
Stubbs et al in 1985 reported that HLA antigens were shared between parents in 39 of 52 (75 %) couples with autistic children compared to 22 % of controls (30), a fi nding that subsequently could not be repeated (18) . In theory, genetic similarities of the immune system between mother and father avoid the usual development of maternal blocking antibodies and therefore, immune tolerance of the mother for the fetoplacental unit and the normal maintenance of pregnancy.
Rogers et al. in 1999 have tested a hypothesis about a role for the HLA loci in the genetic susceptibility to autism. They did that by linkage analysis using genetic marker loci in the HLA region on chromosome 6p in multiplex families with autism. They have examined sharing of alleles identical by descent in 97 affected sib pairs from 90 families. Their results demonstrated no deviation from null expectation of 50 % sharing of alleles in that region. Thus, it was unlikely that loci in that region contribute to the genetic etiology of autism to any signifi cant extent in our families (1) .
Our results for the connection between type I and II alleles in persons with autism in the Macedonian population are different from those published in the literature. While Warren et al (11) found the association with alleles DRB1*0401, DRB1*0101 and DRB1*0701, we found the association with DRB1*01 alleles. His team found the association with HLA-B* allel (27) , which we couldn't register in the Macedonian sample of children with autism. We detected an increased frequency of the HLA-C*03 allel and association with autism, data we did not succeed to fi nd in literature. These differences could be due to a different genetic structure of the Macedonian population or to different association of the HLA alleles with the autism in the Macedonian population. Additional examinations of the HLA alleles in the families with autism are necessary to get more answers about the Macedonian population.
The associations between human lymphocyte antigen (HLA)-A2, B44, DRβ1*04 (DR4), C4B, and haplotype B44-SC30-DR4 and autism have been reported in western countries but there is a lack of such information in Asian population. Recently the results showed that the pattern of DRB1 allele frequencies was signifi cantly different between patients with autism and the controls (p = 0.047) in Han Chinese. After adjusting for sex by haplotype regression, the frequencies of DR4, DR11, and DR14 were signifi cantly different between patients with autism and healthy controls. In addition, patients with autism and DR4, DR11, or DR14 had different performance on intelligence and neuropsychology tests. Despite a relatively small sample size and a case-control association design, the fi ndings suggest HLA-DRB1 gene might be associated with autism in Han Chinese (31) .
Several investigations of transmission disequilibrium (TDT) for HLA in families with autism were investigated. Signifi cant transmission disequilibrium for HLA-DR4 was seen (odds ratio, 4.67; 95 % confi dence interval, 1.34-16.24; p = .008) for transmissions from maternal grandparents to mothers of probands, supporting a role for HLA-DR4 as an autism risk factor acting in mothers during pregnancy. Transmission disequilibrium was not seen for HLA-DR4 transmissions from parents to probands or from mothers to probands. The HLA-DR4 gene may act in mothers of children with autism during pregnancy to contribute to autism in their offspring (32) . The transmission disequilibrium test indicated that the ASD probands inherited the DR4 allele more frequently than expected (p = 0.026) from the fathers. The TDT also revealed that fewer DR13 alleles than expected were inherited from the mother by ASD probands (p = 0.006) (33) . The transmission disequilibrium test for the A2 allele revealed an increased frequency of inheritance for autistic children (p = 0.033). There were no signifi cant associations of autism with HLA-B alleles; however, the A2-B44 and A2-B51 haplotypes were two times more frequent in autistic subjects (34) .
Case-control and TDT analysis of intrafamilial transmission of SNPs, Msats, and HLA markers surrounding the α and β blocks, indicated signifi cant positive associations for MOGc*131 and D6S2239*105 alleles in ASD, and a negative association of MIB *332 allele in healthy siblings. Polymorphism haplotype analysis demonstrated that two haplotypes comprising the TNF-238(G)-TNF-308(G)-MIB*332-HLA-B*38-HLA-Cw*12 and the D6S265*218-HLA-A*23-MOGc*131-rs2857766(G) alleles are more frequently transmitted to ASD. MOGc and MIB loci are linked with ASD in Italian patients (35) .
An intrafamilial case-control method (affected family-based controls) and transmission disequilibrium test analysis were used to evaluate the association of microsatellite and SNP markers with ASD-affected children. Results indicated positive associations with ASD for D6S265*220 (p < 0.01) and MOGc*131 (p < 0.05) and negative associations for MOGc*117 and MIB*346 alleles (p < 0.01) in ASD children. Polymorphism haplotype analysis indicated that D6S265 allele *220 and MOGc allele *131 were signifi cantly more likely to be transmitted together, as a whole haplotype, to ASD children (p < 0.05). Conversely, the D6S265*224-MOGc*117-rs2857766(G) haplotype was signifi cantly less frequently transmitted to ASD children (p < 0.01). The results present novel gene markers, reinforcing the hypothesis that genetic factors play a pivotal role in the pathogenesis of ASD (36) .
Results of HLA typing indicated that mothers and their sons in the geographically defi ned group had a signifi cantly higher frequency of DR4 than in normal control subjects (odds ratio = 5.54, 95 % confi dence interval = 1.74-18.67 and odds ratio = 4.20, 95% confi dence interval = 1.37-13.27, respectively). No signifi cant difference in the distribution of HLA alleles was evident between the United States-all region group and control subjects. Findings of this study are consistent with a hypothesis that prenatal maternal-fetal immune interaction can affect fetal brain development in a population residing in a geographically defi ned region. Such immune interactions may involve HLA and related genes in both genetic and epigenetic mechanisms during pregnancy (37) .
Conclusions
Our fi rst immunogenetic study in autistic persons in Macedonia found the association with two susceptible loci HLA-C*03 HLA-DRB1*01 which are possible predictors for autism. We have not found predisposing or protective haplotypes for autism in our Macedonian population.
